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 1 
Abstract 2 
Purpose: Previous studies suggest that the refractive status of the peripheral retina can influence the 3 
development and progression of myopia.  Our aim was to compare peripheral refractions in the same 4 
cohort of human eyes corrected with spectacle lenses versus soft contact lenses. 5 
Methods: Ten young adults with moderate to high myopia (-5.00 D to -8.00 D) were investigated.  Open-6 
field autorefraction was used to measure on- and off-axis refractions with the eyes in primary gaze, when 7 
uncorrected, and when corrected with spectacles and contact lenses.  Measures were made every 5° out 8 
to 30° horizontally in nasal and temporal retina and analysed as power vectors (M, J0, and J45).  Partial 9 
coherence interferometry measures of eye size were also made on-axis and off-axis at 10º and 20º in 10 
nasal and temporal retina. 11 
Results: Subjects (mean age 24; range 19 to 29 years) had an average on-axis mean-sphere refraction of 12 
-6.33 ± 0.31 D (mean ± 1 SE) and an average axial eye length of 25.99 ± 0.20 mm.  The average relative 13 
peripheral refraction (RPR) for all subjects across all eccentricities was hyperopic when uncorrected 14 
(+0.90 ± 0.14 D) and also when corrected with spectacles (+1.01 ± 0.13 D) but changed to a myopic RPR 15 
when corrected with contact lenses (-1.84 ± 0.61 D). There was a highly significant effect of correction on 16 
peripheral refraction (p < 0.0001).  Peripheral J0 astigmatism also became significantly more negative 17 
(less with-the-rule) on correction with contact lenses (p = 0.015), whereas J45 astigmatism remained 18 
unchanged.  On- and off- axis eye length measures indicated a relatively prolate eye shape.   19 
Conclusions: Correcting the on-axis refractive error in moderate to high myopia with conventional 20 
spherical spectacle lenses results in hyperopic defocus in the peripheral retina. Correcting the same eyes 21 
with conventional spherical soft contact lenses results in significant myopic defocus in the peripheral 22 
retina. These results corroborate the general findings of earlier studies and the predictions of optical 23 
modelling by others. If the refractive status of the peripheral retina does influence myopia progression, 24 
then these results suggest that myopia progression should be slower with conventional contact lens wear 25 
than with conventional spectacle wear. However, previous studies comparing myopia progression with 26 
conventional spectacles and conventional contact lenses have reported no such difference.27 
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 1 
Introduction 2 
The traditional management for progressing myopia is to correct the refractive error with spectacles or 3 
contact lenses and to increase the optical power of the correction so as to maintain good foveal acuity as 4 
the degree of myopia increases. Until recently, little attention has been paid to the refractive status of the 5 
peripheral retina. However, evidence from animal studies suggests that retinal defocus, particularly in the 6 
peripheral retina1-3 plays an important role in controlling eye growth and in the development of 7 
experimental myopia. Specifically, it has been suggested that a pattern of hyperopic retinal defocus in the 8 
periphery may exacerbate growth of the vitreous chamber to cause myopia whereas myopic retinal 9 
defocus may inhibit vitreous enlargement. Whether the initial development of human myopia depends 10 
upon peripheral refractive status remains equivocal, with evidence both for4, 5 and against6-8 an effect. 11 
Once myopia has developed, whether peripheral refraction plays a role in the subsequent progression is 12 
of great interest because of the potential for modifying peripheral refraction with the aim of slowing 13 
progression.9  In this regard, conventional spectacle lenses reportedly increase the degree of relative 14 
peripheral hyperopia compared to the uncorrected state10, 11 whereas conventional soft and rigid gas 15 
permeable (RGP) contact lenses reportedly reduce relative peripheral hyperopia, and can even result in 16 
relative peripheral myopia12, particularly in high myopia.13  If the peripheral refractive status does affect 17 
myopia progression, then such a difference in refractive profile between spectacles and contact lenses 18 
would suggest that higher levels of progression would be expected with conventional spectacle wear than 19 
with conventional contact lens wear.  However, the majority of studies comparing progression with 20 
conventional spectacles and conventional contact lenses have found no significant differences14-16 and 21 
studies which have reported a difference report an increase, rather than a decrease, in progression rate 22 
when changing from spectacle lenses to contact lenses.17, 18  Nonetheless, several studies employing 23 
novel lens forms explicitly designed to alter the peripheral refractive profile so as to reduce hyperopic 24 
defocus (or impose myopic defocus) in the periphery have reported a slowing in childhood myopia 25 
progression. These include the use of Radial Refractive Gradient spectacle lenses, in which some lens 26 
designs slowed progression in some subsets of children,19 special contact lens forms designed to reduce 27 
peripheral hyperopia20 and overnight orthokeratology (OK) lenses.21-23  The results of these studies 28 
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suggest a potentially important role for modifying peripheral refraction in order to slow myopia 1 
progression. In addition, dual-focus contact lenses that correct myopia while simultaneously presenting 2 
myopic defocus across the central and peripheral retina have also been shown to slow childhood myopia 3 
progression.24 4 
 5 
The real beneficiaries of methods for slowing myopia progression are those children with low myopia who 6 
would otherwise go on to develop high myopia. One of the main concerns with high myopia is the 7 
increased incidence of sight-threatening pathology that is associated with the condition.25 Moreover, the 8 
prevalence of high myopia has increased significantly over recent decades: the prevalence of high 9 
myopia in 18 year-old students in Taiwan was 11% in 1983, and increased to over 20% by 2000.26  10 
Considering the potential that peripheral refractive status may have on the progression to high myopia 11 
(either exacerbating it or retarding it), it is important to understand the effect that the form of correction 12 
has on the peripheral refraction in susceptible individuals. Optical modelling studies27 suggest that a 13 
spherical contact lens would produce a more myopic peripheral refraction than that obtained with 14 
spectacles, but we can find no reports demonstrating this effect within the same cohort of eyes.  The aim 15 
of the present study was to compare the peripheral refractive status with conventional spherical spectacle 16 
lenses and with conventional spherical soft contact lenses in the same cohort. Since it is not possible to 17 
predict which individuals with lower degrees of myopia are susceptible to development of high myopia, we 18 
report results from a cohort of young adults who have already progressed to higher levels of myopia and 19 
thus identified themselves as susceptible. This study complements a previous study from our laboratory13 20 
which investigated peripheral refraction with contact lenses in high myopia. In the present study we have 21 
used an autorefractor with a smaller sampling area and hence more precise spatial sampling than in the 22 
previous study. Also we have extended the measurements further into the periphery; cycloplegia was not 23 
required so the pupils were naturally smaller and measures were less affected by artefacts of the 24 
peripheral pupil. In addition, peripheral refractions have been made in all subjects under three conditions; 25 
uncorrected, corrected with contact lenses and in addition corrected with conventional spectacle lenses. 26 
None of the data presented in the current study has been reported previously.  27 
 28 
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 1 
METHODS 2 
Subjects 3 
This study adhered to the tenets of the Declaration of Helsinki and was approved by the University of 4 
Auckland Human Participants Ethics Committee. All subjects gave informed consent in writing.  Criteria 5 
for inclusion of subjects were: myopia of at least -5.00 D spherical equivalent measured at the spectacle 6 
plane; astigmatism of no more than -1.50 DC; best corrected Snellen acuity of 6/7.6 and no ocular 7 
pathology or contraindications to contact lens wear. A total of eleven subjects (age range 19 to 29 years) 8 
were enrolled in the study. One subject chose to have LASIK eye surgery to correct their refractive error 9 
after baseline uncorrected measures had been made, and they are not included in the analysis. A full 10 
data set was obtained on ten subjects: of these ten, three had taken part in the previous study.13 11 
However, all ten were measured under the new conditions of this study.  12 
Experimental Procedures 13 
One eye from each subject was investigated; when both eyes met the inclusion criteria the eye with the 14 
more myopic refraction was used.  An initial visit was conducted to ensure that each participant met the 15 
inclusion criteria. Only spherical spectacle and spherical contact lenses were used in this study.  In order 16 
to determine the spherical equivalent power of the spectacle lens for each subject, non-cycloplegic open-17 
field autorefraction (NVision-K 5001, Shin-Nippon, http://www.shin-nippon.jp) was conducted on-axis and 18 
the resultant best-sphere refraction was refined using subjective refraction techniques at a 12 mm back 19 
vertex distance.  Ocular refraction was computed from the spectacle-plane refraction and the spherical 20 
equivalent power of the contact lens to be used was refined by subjective over-refraction. The same 21 
spectacle frame was used in all subjects to minimise any potential frame-induced errors.  The frame had 22 
adjustable nose pieces which allowed a back vertex distance of 12 mm to be maintained in all subjects.  23 
Pupil heights and inter-pupillary distances were measured with the frame adjusted for each subject to 24 
ensure that when glazed, subjects viewed through the optical centre of the lens when in primary gaze.  25 
Spherical polycarbonate lenses (refractive index 1.59) without an anti-reflective coating were made up to 26 
the mean sphere prescription for each subject on base-curves of either 1.5 D or 2.25 D. The contact 27 
lenses used were conventional spherical daily modality lenses (Acuvue 1-Day Moist, Johnson and 28 
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Johnson Vision Care Inc., http://www.jnjvisioncare.com) with a 14.2 mm lens diameter and the best fitting 1 
base curve (either 8.5 mm or 9.0 mm) as determined from keratometry readings from the NVision-K 5001 2 
autorefractor.  3 
 4 
On- and off-axis refractions were made without pharmacologically dilated pupils or cycloplegia in order to 5 
simulate the everyday effects of correction, although measures were made in mesopic light conditions 6 
(room illumination 30 lux) to facilitate measurement at greater peripheral angles.  Off-axis refractions were 7 
measured using the open-field autorefractor employing the head-turn method (Figure 1) as described in 8 
detail previously.13 Off-axis refractions were measured at known eccentricities by asking the subject to 9 
turn their head through the required angle while maintaining their eyes in the primary position of gaze.  10 
The head-turn method was employed in preference to eye turn in order to prevent decentration of the 11 
contact lens and to establish the effect of spectacle lenses on the peripheral refraction with the eye 12 
observing through the lens centre in primary gaze.  Measures were made only in the horizontal meridian 13 
as the autorefractor arrangement did not allow for head-turn to be performed in the vertical meridian.  14 
Furthermore, it appears that in adult eyes myopia has more effect on peripheral refraction along the 15 
horizontal meridian than the vertical meridian.6  Refractive error was measured 5 times on-axis, and 5 16 
times at each eccentricity in 5° increments out to 30° both nasally and temporally. The contralateral eye 17 
remained uncorrected for all measures, so as to encourage relaxed accommodation.  On- and off-axis 18 
measures of refraction were made first in the uncorrected state and then when corrected with spectacles 19 
and contact lenses.  The same testing sequence was used in all subjects.  One consideration in the 20 
measurement of peripheral refraction through the contact lens is the size and location of the optic zone.  21 
Figure 2 represents a scale diagram of the anterior eye that assumes: a corneal radius and contact lens 22 
base curve of 8.5 mm; anterior chamber depth of 3.25 mm for high myopia28; lens back vertex power of 23 
-6.50 DS, refractive index of 1.50, centre thickness of 0.1 mm, optic zone diameter of 6.0 mm, and a 24 
computed front surface radius of 9.59 mm.  The NVision-K 5001 autorefractor has a reported operational 25 
diameter of 2.3 mm.29  The autorefractor beam width is represented as 2.3 mm, angled at 30° to the optic 26 
axis and aligned with the pupil centre.  It is apparent from Figure 2 that with increasing eccentricity, the 27 
measure of the refractive error becomes a composite of the optic and carrier zone powers.  In addition to 28 
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peripheral refractions, the horizontal retinal contour was investigated using partial coherence 1 
interferometry (IOLMaster, Carl Zeiss, http://www.zeiss.com).  Measures of eye size in the uncorrected 2 
state were made on- and off-axis using the same fixation target arrangement as described for 3 
autorefraction.  Peripheral ocular measures were made at 10° and 20° eccentricities in both nasal and 4 
temporal directions.  Because the IOLMaster has an operational limit of 20 measures per-eye per-day, 5 
two measures were made at each point (except in 1 subject where only one measurement at each point 6 
was possible).  The on and off-axis IOLMaster measures were made with the instrument aligned 7 
perpendicular to the cornea (the local centre of curvature of the cornea) as described in the instrument 8 
operational protocol. However, the corresponding eccentric autorefraction measurements were made with 9 
the autorefractor aligned to the centre of the elliptical pupil30.  This difference in off-axis alignment cues 10 
between the two instruments would have resulted in slightly different locations being measured at each 11 
eccentricity, although the on-axis alignments would have been the same. 12 
 13 
Data Analysis 14 
All sphero-cylindrical autorefraction measures were converted into power vector form (M, J0, J45)31 in 15 
which M equals the mean spherical equivalent power (hereafter referred to as absolute refraction to 16 
differentiate it from relative peripheral refraction).  Relative peripheral refraction (RPR) was calculated for 17 
each eccentricity as the difference between the absolute refraction measured on-axis and that measured 18 
at a peripheral eccentricity.  Visual field eccentricities were translated directly to retinal eccentricities, i.e. 19 
assuming a reduced eye model.  Accordingly, a hyperopic RPR is represented as a positive value in the 20 
results, while a myopic RPR is represented as a negative value.  A linear mixed model analysis was 21 
performed using the PROC MIXED function in the SAS 9.2 statistical software package (SAS Institute 22 
Inc., http://www.sas.com) to investigate the effects of eccentricity and correction (uncorrected, spectacle 23 
correction, and contact lens correction) on the RPR.  Statistical significance was reported if p < 0.05.  One 24 
way repeated measures ANOVA with Huynh-Feldt correction was carried out using SPSS 19.0 statistical 25 
software (IBM, http://www.ibm.com) to investigate significant differences between on- and off-axis eye 26 
lengths.  Relative peripheral eye lengths were calculated by finding the difference between on- and off-27 
axis eye lengths.  To investigate correlation and correlation coefficients (e.g., between eye length and 28 
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refraction) principal axis analyses were performed.32  Principal axis analysis accounts for variability in 1 
both the x and y directions, unlike a simple linear regression which accounts for variability in y, but 2 
assumes no variability in the independent variable x.  Regression lines on graphs are the principal axes 3 
obtained using orthogonal regression.  Reported data represent the mean ± 1 standard error of the mean 4 
(SE) unless otherwise stated. 5 
 6 
RESULTS 7 
The mean age of the ten subjects whose peripheral refractions were measured with spectacles and 8 
contact lenses was 24 years (range 19 to 29 years).  Their average uncorrected on-axis refractive error 9 
was M = -6.33 ± 0.31 D (range -5.09 to -7.97 D); J0 = 0.29 ± 0.12 D (range -0.09 to 0.87 D) and J45 = 0.06 10 
± 0.05 D (range -0.19 to 0.37 D). The average on-axis axial length was 25.99 ± 0.20 mm (range 24.97 to 11 
26.92 mm). 12 
 13 
Effect of correction on relative peripheral refraction 14 
The average RPR, presented as power vectors (M, J0, and J45) relative to the fovea, for each of the 15 
twelve measured eccentricities are summarised in Table 1, along with the average absolute on-axis 16 
values.  Data for the uncorrected state are given in addition to the effects of correction with spectacle 17 
lenses and contact lenses.  The RPRs for the individual subjects are represented graphically in Figure 3.  18 
Overall, across all subjects and all eccentricities, the mean RPR (M component) in the uncorrected state 19 
was hyperopic (+0.90 ± 0.14 D).  The mean RPR was likewise hyperopic when subjects were corrected 20 
with spectacles (+1.01 ± 0.13 D), but became myopic when subjects were corrected with contact lenses 21 
(-1.84 ± 0.61 D).  There was a highly significant effect of correction on peripheral refraction (F4,31 = 21.66, 22 
p < 0.0001).  Pairwise comparisons showed that there was no significant difference in the RPR with 23 
eccentricity between the uncorrected state and correction with spectacles (F2,27 = 0.07, p = 0.93).  24 
However, there was a highly significant shift from hyperopic RPR to myopic RPR when corrected with 25 
contact lenses compared to both the uncorrected and spectacle corrected states (F2,26 = 31.00, 26 
p < 0.0001, and F2,26 = 34.14, p < 0.0001 respectively).  The lack of effect on RPR of changing from the 27 
uncorrected state to spectacle correction can be seen by the close matching of the data points in Figure 28 
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3D.  The significant shift to myopic RPR from hyperopic RPR with contact lens correction is also clear in 1 
Figure 3D.  2 
 3 
Effect of correction on relative peripheral astigmatism 4 
In uncorrected eyes there was little variation in the horizontal and vertical astigmatism (J0) with 5 
eccentricity out to 20°, but J0 became more variable between 20° and 30° (Figure 3E).  A similar trend 6 
was seen in eyes corrected with spectacles (Figure 3F).  However, much greater variability in J0 with 7 
eccentricity was seen when the eyes were corrected with contact lenses (Figure 3G).  The mean relative 8 
peripheral J0 for all subjects across all eccentricities in the uncorrected state was positive (+0.10 ± 0.06 9 
D), indicating a tendency towards with-the-rule astigmatism.29  As for M, correction with spectacles had 10 
little effect on the mean J0 (+0.21 ± 0.07 D) compared to the uncorrected state (Figure 3H).  Correction 11 
with contact lenses, however, resulted in the mean J0 shifting towards a more negative, against-the-rule 12 
astigmatism (-0.63 ± 0.13 D).  A significant effect of correction was seen across eccentricity (F4,31 = 3.64, 13 
p = 0.015).  Pairwise comparison showed that there was no significant difference in the relative peripheral 14 
J0 between the uncorrected and spectacle corrected states (F2,27 = 0.30, p = 0.74).  The negative shift in 15 
J0 with contact lens correction was significant compared to both the uncorrected (F2,26 = 4.08, p = 0.029) 16 
and spectacle corrected (F2,26 = 6.60, p = 0.0048) states.  Oblique astigmatism (J45) did not show any 17 
clear patterns of change, although there was a tendency towards greater variability in the individual 18 
values between 20° and 30° with contact lens correction (Figure 3K).  The mean J45 across all subjects 19 
and all eccentricities was similar between the uncorrected (-0.12 ± 0.05 D), spectacle corrected (-0.15 ± 20 
0.06 D), and contact lens corrected (-0.38 ± 0.12 D) states (Figure 3L).  There was no significant effect of 21 
correction on the relative peripheral J45 results (F4,31 = 1.36, p = 0.27).  To assess whether the presence 22 
of significant astigmatism influenced our peripheral refraction measurements, we conducted a mixed 23 
ANOVA with a ‘within subjects’ factor of eccentricity and a ‘between subjects’ factor of astigmatism 24 
(< 0.75 DC versus > 0.75 DC) for each of our data sets (M, J0, J45; and for uncorrected, spectacle 25 
correction, and contact lens correction for each of these power vectors).  There were no significant main 26 
effects of astigmatism and no significant interactions between eccentricity and astigmatism for any of 27 
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these analyses (P > 0.05), indicating that the presence of astigmatism did not reliably influence our 1 
measurements. 2 
 3 
Retinal contour and peripheral refraction 4 
The on-axis eye length correlated poorly with the foveal refractive error (R2 = 0.089; F1,8 = 0.78, p = 5 
0.402) for these eyes (Figure 4A), although overall, an increase in eye length of 0.29 mm was associated 6 
with an increase in myopia of 1.00 D.  Compared to the on-axis eye length, the average off-axis eye 7 
length reduced gradually with increasing eccentricity in both nasal and temporal directions, indicating that 8 
the eyes had relatively prolate shapes (Figure 4B).  Repeated measures ANOVA showed a significant 9 
effect of eccentricity on relative peripheral eye length (F2,20 = 7.32, p = 0.003).  Pairwise comparisons 10 
showed that all eccentricities were significantly shorter than the on-axis length (nasal 20°, t9 = -2.95, p = 11 
0.016; nasal 10°, t9 = -3.50, p = 0.007; temporal 10°, t9 = -3.06, p = 0.014; temporal 20°, t9 = -4.24, p = 12 
0.002). 13 
 14 
 15 
DISCUSSION 16 
In this study we compare the peripheral refractive status in the eyes of young adults with moderate to 17 
high myopia when they are uncorrected and corrected with conventional spectacles and contact lenses.  18 
In summary, our results indicate that when eyes are corrected with conventional spectacles their absolute 19 
peripheral refractions tend to be hyperopic, whereas when the same eyes are corrected with conventional 20 
soft contact lenses their absolute peripheral refractions become significantly myopic. 21 
 22 
With regard to the uncorrected state, our results corroborate previous reports that in uncorrected eyes of 23 
young adults with myopia, peripheral refractions tend to be hyperopic relative to the fovea. In low to 24 
moderate myopia, hyperopic RPRs of approximately +1.50 D have been reported at nasal and temporal 25 
eccentricities of 30.10, 12, 33  The somewhat higher values in our uncorrected subjects with moderate to 26 
high myopia (approximately +2.50 D at 30 eccentricity) are consistent with previous reports for higher 27 
levels of myopia.6, 34 As in most previous studies (e.g.6, 35), we found no detectable discontinuity in results 28 
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when measures of refraction were made in the region of the optic nerve head. Also, we found that off-axis 1 
eye length reduced with increasing eccentricity in both nasal and temporal retina, confirming previous 2 
reports that myopic eyes have a relatively prolate shape in the posterior portion.34, 36, 37  3 
 4 
Spectacle correction has previously been reported to increase the relative peripheral hyperopia compared 5 
to the uncorrected condition, both in studies using the eye-turn method10 and also the head-turn method11 6 
as used in the present study. However, we found no significant difference in the RPR between spectacle 7 
correction and the uncorrected state. Nonetheless, this lack of effect in our study is still consistent with 8 
the results of Lin et al.11 who reported that a statistically significant difference in RPR between spectacles 9 
and the uncorrected state was only present in moderate myopia at an eccentricity of 40 in the nasal field, 10 
i.e. at a greater eccentricity than employed in the present study. Moreover, they reported no statistically 11 
significant differences in RPR between spectacles and the uncorrected state for low myopia.  12 
 13 
When the refractive error of our subjects was corrected with conventional spherical soft contact lenses 14 
their peripheral refractions, particularly in the temporal retina, became markedly myopic. Others have 15 
reported a reduction in hyperopic RPR and induction of some myopic RPR with soft and RGP contact 16 
lenses12 and we have previously reported significant myopic refractions at 20 eccentricity in the temporal 17 
retina with soft contact lens wear in high myopia.13  The absolute peripheral myopic defocus induced with 18 
contact lens wear in the present study was approximately 4 D at 30 in the temporal retina for our 19 
subjects with a mean foveal refractive error of -6.33 D. Although direct comparison of absolute peripheral 20 
refractions across studies is problematic because of different foveal refractions, nonetheless our 21 
measures of peripheral myopic defocus are much greater than those typically reported for orthokeratology 22 
in low myopia, of around 2 D at 30 eccentricity.35, 38, 39  It has been suggested that the myopia-inhibiting 23 
effect associated with orthokeratology may be attributed to this level of peripheral myopic defocus.40   We 24 
also found significant nasal/temporal asymmetry in the pattern of peripheral refraction when corrected 25 
with contact lenses, with the temporal retina receiving greater degrees of myopic defocus than the nasal 26 
retina (Figure 3D). A similar asymmetric pattern has been reported after correction with orthokeratology35, 27 
where it was attributed to possible decentration of the orthokeratology lenses. In the present study, 28 
12 
 
although all measures were made in primary gaze, some persistent decentration of the soft contact 1 
lenses remains a possible explanation for the asymmetry seen in the refractive profile present with 2 
contact lens correction.   3 
 4 
As with the mean sphere (M) component, there was little difference in the peripheral J0 component of 5 
astigmatism between the uncorrected and spectacle corrected states.  Correction with contact lenses 6 
made the peripheral astigmatism significantly more negative compared to both the uncorrected and 7 
spectacle corrected states, indicating a change from with-the-rule astigmatism to against-the rule 8 
astigmatism.41  Oblique astigmatism (J45) was not significantly affected by any form of correction.  The 9 
significant change in off-axis astigmatism seen with contact lenses but not spectacles in the same 10 
population is consistent with the hypothesis put forward by Shen et al.12  that contact lens wear results in 11 
a disruption of the balance between the corneal and internal optics of the eye. We suggest that contact 12 
lenses possibly exert their effect on peripheral refraction by counteracting the normal peripheral flattening 13 
of the cornea.  We recorded much greater inter-subject variability in the peripheral refractions measured 14 
with contact lenses compared to spectacles or the uncorrected state (Figure 3). Some of this variability is 15 
likely accounted for by different degrees of contact lens decentration between subjects. However, it is 16 
also possible that correcting all eyes with a spherical contact lens may disrupt the balance between the 17 
corneal and internal optics by different amounts between subjects, thus increasing inter-subject variability. 18 
 19 
The limitations of this study include the fact that measures were made in young adults with moderate to 20 
high myopia (i.e., -5.00D to -8.00 D). Moreover, we have only investigated peripheral refractions in the 21 
horizontal (nasal and temporal) visual field. Although we report data for only 10 subjects with regard to 22 
both spectacle and contact lens wear, our results for contact lens wear extend the results from our 23 
previous study13 showing myopic RPR with contact lens wear in 10 young adults with high myopia. 24 
Another limitation of this study is that only spherical lenses were used and therefore the low levels of 25 
astigmatism present in our subjects remained uncorrected. Spherical lenses were used for simplicity and 26 
to avoid errors associated with potentially rotationally-unstable toric contact lenses. However, this may 27 
have increased the apparent levels of peripheral astigmatism in our results. Comparison of our results 28 
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with those from other studies should also be approached with caution as the different lens types and 1 
materials used between studies could induce differences in the measured peripheral refraction.  A further 2 
limitation of the current study is that cycloplegia was not used and so accommodation was not fully 3 
controlled during measurements. However, the eye contralateral to the measured eye was effectively 4 
fogged as it remained uncorrected throughout the measures. Cycloplegia was not employed as it may 5 
have introduced peripheral aberrations not present with pupils of normal size and this could potentially 6 
have affected autorefractor measures. The spatial precision of the peripheral refraction results in this 7 
study was better than in our previous study because we used an autorefractor with a sampling area of 8 
4.15 mm2 (2.3 mm diameter beam) instead of 6.60 mm2 (2.9 mm diameter beam) as in the previous 9 
study.13  Nonetheless, although we have used the same model of autorefractor as used in other similar 10 
studies,11, 20, 35 the 2.3 mm beam width limits the degree to which the spatial change in refraction can be 11 
defined. This is particularly significant at the boundary between the optic and carrier zone of the contact 12 
lens. 13 
 14 
One significant characteristic of this study is that measures of refraction with contact lenses included 15 
refractions out to eccentricities at which light passing through the carrier zone also contributed to the 16 
measured refraction. A relevant question is how much of the myopic peripheral refractions reported in this 17 
study resulted from making measures through the carrier zone of the contact lens. The scale diagram in 18 
Figure 2 shows that at an eccentricity of 30, the autorefractor measurement beam began to encroach on 19 
the carrier zone. However, Figure 2 suggests that at 25 eccentricity, the measurement would have been 20 
made with the entire beam of the autorefractor within the confines of the contact lens optic zone. The 21 
measures of RPR (M component) in Table 1 made with contact lenses in the temporal retina are all 22 
myopic, steadily increasing from -0.26 D at 5 eccentricity to -5.06 D at 25 eccentricity: for all these 23 
measures the autorefractor beam remained within the boundary of the optic zone. This implies that the 24 
myopic peripheral refractions reported in this study derive primarily from the characteristics of the 25 
spherical optic zone and are not the result of sampling from the carrier zone. 26 
 27 
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The results of this study have implications for clinical practice because they suggest that if peripheral 1 
refraction does influence myopia progression, then the myopic peripheral refractions associated with 2 
contact lens wear would be expected to slow progression, whereas the hyperopic peripheral refractions 3 
associated with spectacle wear may exacerbate progression. In addition, the results of this study have 4 
implications for research. Investigations into novel optical methods for slowing myopia progression based 5 
on manipulation of peripheral refraction must account for the peripheral effects of their control 6 
management.  Given the difference in peripheral refractions between spherical spectacles and soft 7 
contact lenses in our study, it would be prudent to use spherical spectacles as a control when testing a 8 
novel spectacle lens design and likewise to use spherical contact lenses as a control when testing novel 9 
contact lens designs.  Failure to account for the peripheral effects of the control could artificially 10 
exaggerate or diminish the benefits of any novel management simply because of the peripheral 11 
characteristics of the lens modality used as control. 12 
 13 
This study shows that in a sample of eyes with moderate to high myopia, conventional spherical 14 
spectacle correction does not change the hyperopic RPR found in the uncorrected state, but that 15 
correction with conventional spherical soft contact lenses results in the formation of a myopic RPR.  16 
These results are consistent with the general findings of previous studies described above, and with 17 
predictions from optical modelling.27 If a myopic RPR inhibits myopia progression while a hyperopic RPR 18 
acts as a myopiagenic stimulus, as predicted by animal studies,3 then a significant difference in 19 
progression between the two correction modalities would be expected.  However, studies aimed at 20 
investigating the difference in progression rates between spectacle and contact lens wearers find no 21 
significant difference,14-16  and our findings may therefore be interpreted as suggesting that, at least in 22 
moderate degrees of myopia, peripheral refraction does not strongly influence myopia progression: a 23 
similar conclusion to recent human studies.7, 8  However, due to the older age of our cohort and the single 24 
measurement in time, a prospective, longitudinal study in a younger, progressing cohort is warranted to 25 
determine whether spectacles and contact lenses are associated with different myopia progression rates. 26 
 27 
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 13 
TABLE 1 Effect of eccentricity on the average relative peripheral refraction (RPR) for eyes with myopia (mean -6.33 ± 0.31 D) uncorrected and when 14 
corrected with spherical spectacles and soft contact lenses.  Refraction is represented by the spherical (M) and cylindrical (J0 and J45) power vector 15 
components.  RPR is the difference between the refraction at each eccentricity and the on axis (0°) refraction.  Positive values of M represent hyperopic 16 
 Nasal Retinal Eccentricity Central Temporal Retinal Eccentricity 
 30° 25° 20° 15° 10° 5° 0° 
(Absolute) 
5° 10° 15° 20° 25° 30° 
Uncorrected              
M 2.38 ± 0.62 1.73 ± 0.54 1.03 ± 0.45 0.75 ± 0.30 0.21 ± 0.22 0.03 ± 0.13 0 
(-6.33 ± 0.31) 
-0.24 ± 0.09 -0.06 ± 0.13 0.16 ± 0.21 0.75 ± 0.33 1.83 ± 0.39 2.70 ± 0.78 
J0 0.38 ± 0.21 0.10 ± 0.18 0.18 ± 0.13 0.27 ± 0.22 0.08 ± 0.05 0.10 ± 0.06 0 
(0.29 ± 0.12) 
-0.00 ± 0.05 -0.12 ± 0.04 -0.23 ± 0.08 -0.26 ± 0.15 0.23 ± 0.32 0.61 ± 0.57 
J45 -0.48 ± 0.30 -0.49 ± 0.22 -0.34 ± 0.19 -0.28 ± 0.19 -0.25 ± 0.08 -0.10 ± 0.07 0 
(0.06 ± 0.05) 
0.05 ± 0.07 0.05 ± 0.07 0.19 ± 0.10 0.19 ± 0.10 0.02 ± 0.17 -0.00 ± 0.24 
Spectacles              
M 2.70 ± 0.69 1.70 ± 0.45 1.06 ± 0.36 0.48 ± 0.19 0.34 ± 0.14 0.08 ± 0.12 0 
(0.24 ± 0.16) 
0.03 ± 0.11 0.14 ± 0.17 0.33 ± 0.23 0.79 ± 0.35 2.03 ± 0.50 2.78 ± 0.63 
J0 0.77 ± 0.25 0.27 ± 0.13 0.24 ± 0.15 0.13 ± 0.06 0.08 ± 0.07 0.09 ± 0.07 0 
(0.26 ± 0.13) 
-0.09 ± 0.08 -0.10 ± 0.07 -0.11 ± 0.11 0.14 ± 0.26 0.27 ± 0.35 0.93 ± 0.59 
J45 -0.83 ± 0.28 -0.49 ± 0.18 -0.45 ± 0.19 -0.49 ± 0.15 -0.34 ± 0.10 -0.08 ± 0.10 0 
(0.18 ± 0.09) 
-0.03 ± 0.15 0.08 ± 0.18 0.17 ± 0.21 0.19 ± 0.22 0.32 ± 0.23 0.23 ± 0.32 
Contact 
Lenses 
      
 
      
M -3.24 ± 1.21 -3.32 ± 1.03 0.72 ± 0.52 0.47 ± 0.29 0.22 ± 0.19 0.07 ± 0.13 0 
(0.45 ± 0.18) 
-0.26 ± 0.25 -0.96 ± 0.54 -2.48 ± 0.87 -4.33 ± 0.78 -5.06 ± 0.45 -3.89 ± 1.12 
J0 -0.56 ± 0.39 -1.31 ± 0.51 0.03 ± 0.28 0.22 ± 0.07 0.14 ± 0.09 0.03 ± 0.08 0 
(0.18 ± 0.11) 
0.06 ± 0.23 -0.33 ± 0.25 -1.19 ± 0.38 -1.92 ± 0.62 -1.63 ± 0.50 -1.43 ± 1.03 
J45 -0.49 ± 0.87 -0.39 ± 0.89 -0.49 ± 0.23 -0.04 ± 0.07 -0.17 ± 0.09 -0.11 ± 0.07 0 
(0.08 ± 0.05) 
-0.28 ± 0.17 -0.47 ± 0.26 -0.81 ± 0.36 -0.24 ± 0.45 -0.40 ± 0.41 -0.82 ± 0.32 
Ocular 
Length (mm) 
  
25.48 ± 0.30  25.77 ± 0.22  26.00 ± 0.20  25.69 ± 0.21  25.09 ± 0.20
  
20 
 
RPR, while negative values indicate myopic RPR.  Absolute on-axis refractions are given in brackets in the central (0°) column, and on- and off-axis 17 
ocular lengths are also shown.  (n = 10; mean ± standard error of the mean). 18 
 19 
 20 
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FIGURE 1 23 
Arrangement of the open-field autorefractor for measurement of axial (A) and peripheral (B) refractions 24 
using head-turn in the right eye of a subject wearing spectacle lenses (not shown to scale).  a: Fixation 25 
target for on-axis measures located on a wall 1.52 meters from the eye.  b: Autorefractor measurement 26 
axis.  c: Autorefractor.  d: Example of a peripheral fixation target 30° off-axis.  e: Laser pointer alignment.  27 
f: Fovea of right eye (RE).  X: Centre around which subjects rotated the head to give peripheral fixation 28 
alignments (head-turn). 29 
 30 
FIGURE 2 31 
Schematic diagram (to scale) showing the autorefractor sampling beam (width 2.3 mm) aligned to the 32 
centre of the pupil when oriented at 30° off-axis (θ).  The cornea (C) has an anterior radius (r) of 8.5 mm.  33 
The contact lens (CL) has a base curve that matches the anterior cornea radius, and a front surface 34 
curvature calculated as 9.59 mm based on a refractive index of 1.5, back vertex power of -6.50 D, and a 35 
centre thickness of 0.1 mm.  The optic zone diameter (shaded region) is 6.0 mm.  The cornea is 0.5 mm 36 
thick, while the anterior chamber (AC) is 3.25 mm deep. 37 
 38 
FIGURE 3 39 
Relative peripheral refractions (RPR) in the uncorrected (A, E, I), spectacle lens corrected (B, F, J), and 40 
contact lens corrected (C, G, K) conditions for the refractive components M, J0, and J45 respectively 41 
versus retinal eccentricity; i.e., nasal corresponds to nasal retina or temporal visual field. The mean values 42 
for each of the three conditions are shown for comparison (D, H, L).  n = 10; error bars are standard error 43 
of the mean. 44 
 45 
FIGURE 4 46 
A.  Correlation between on-axis mean sphere refractive error and on-axis eye length.  Orthogonal 47 
regression showed poor correlation (R2 = 0.089; p = 0.402).  B.  Relative eye length as a function of retinal 48 
eccentricity showing a progressive reduction in eye length away from the fovea, which correlates with a 49 
relatively prolate retinal shape.  n = 10; error bars are standard error of the mean. 50 
 51 
